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What Makes it a 
Geothermal Heat Pump System?

Extended-Range Water-Source Heat Pump
Ground Heat Exchanger
Circulation Pump
Distribution 

Presenter
Presentation Notes
The first two components of a geothermal heat pump system listed here are the main differences between GHPs and other more conventional building mechanical systems.  Central plant or other hydroid heating and cooling systems as well as their distribution systems are really no different.



Geothermal Heat Pump Equipment

Photo courtesy of Water Furnace



Geothermal Heat Pumps:
Are all-electric
Do not require “Geothermal hot water
Can be an open or closed loop system
Can be hybridized

Presenter
Presentation Notes
Ground source heat pumps are also known as geothermal heat pumps, ground-coupled heat pumps and are part of the ‘geoexchange’ technology which coincidentally has been trademarked by “GE0” or the organization previously named the Geothermal Heat Pump Consortium.



How a Heat Pump Works
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Presenter
Presentation Notes
What is not shown in this simple diagram is the reversing valve. Geothermal heat pumps are reversible and so the ground heat exchanger switches from “condenser” mode in the summer to “evaporator” mode in the winter responding to the demand for heating or cooling in the building.



Basic GHP System
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Presenter
Presentation Notes
This is an example of a geoexchange system for a single family dwelling.  The three key areas we typically focus on are:  Heat Pump, Circulation Pump and Ground Heat Exchanger.   For this example we are showing a vertical closed-loop heat exchanger.  We use the constant temperature of the earth (or water source) to move heat in the most positive direction based on the needs of the building.  It is summer, we move the heat from the building to the earth.  If it is winter, we take this heat out and put it into the buildings.It is important to note here that for ground heat exchangers, a balance of between heating and cooling is needed to minimize ground heat exchanger size and cost.  I get a lot of calls from central plant owners who believe the best way to utilize this technology is to remove their cooling towers and put in a heat exchanger.  That is fine, but we must ALSO have a way to use the heat rejected at a later time (stored in the earth for heating in the winter) or more immediately in an energy recovery applicationEssentially, this is the how ground source heat pumps works.



How do GHPs differ from 
conventional HVAC systems

Coefficient of Performance (COP)

Q/Wc = the heat delivered (or removed) divided by 
the work of the compressor

Energy Efficiency Rating (EER)

Wc/Q = energy consumption (kW) divided by the heat 
removed (tons) 

Presenter
Presentation Notes
We never talk about SEER with respect to the extended range water-source heat pumps.  We talk about “tons” of air conditioning or refrigeration in this business.  This is a measurement of 12,000 btu/hrBtus are British thermal units and it is essentially the about of energy it takes to increase one lab of water from 59.5 deg F to 60.5 deg F (more information than you really wanted, eh?)



GHP System Components

Extended-Range Water-Source Heat Pump
Ground Heat Exchanger
Circulation Pump
Distribution 

Presenter
Presentation Notes
GSHP Systems consist of a ground loop connected to one or more extended range water-source heat pumps instead of chillers, boilers, furnaces, condensers, and hot water heaters
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Diagram courtesy of FHP Bosch

The Loop -
The Renewable Connection
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Diagram courtesy of FHP Bosch
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Diagram courtesy of FHP Bosch
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Diagram courtesy of FHP Bosch



Vertical Loop Examples

Presenter
Presentation Notes
Discuss pipe materials, drilling, grout, etc.



Drilling at an Alamo Residence



Fusion-welding pipe in the trench



Trenching         
at Alamo 
Residence



High-Density Polyethylene Pipe



Backfilling 
the Headers 

(Mains)



Marin Community College: 
System Flush



Thermal Conductivity
Deep Earth Temp
Thermal Diffusivity

How Do We Design ‘The Loop’



Where is this information found?

Well Logs
Experience
Thermal Conductivity Test



22

Thermal Conductivity Testing

Courtesy of CM Engineering

Presenter
Presentation Notes
The recommended testing methods for performing this test is also outlined in Chapter 32 of the 2007 ASHRAE HVAC Applications Handbook.  See “Figure 14 Thermal Properties Test Apparatus” on page 32.12.



Actual Well Log Example
Courtesy of CM Engineering

Presenter
Presentation Notes
The drill log indicates that there is unstable material for the first 90 ft of the formation.   Much of this material is water producing and could present problems for the mud rotary drillers.   They would be required to design a drilling fluid program which allowed them to hold back the water at the upper parts of the formation then use a thin mud with a rock cutting bit to complete the drilling.    The sandstone at the bottom of the formation would also produce great quantities of water.    The drilling options were	Mud- heavy control at the top of the formation, light fluid at the bottom	Air – Casing for the first 90 ft and water control from the bottom, there would be a great deal of water liberated from the rock at the bottom of the formation	Auger in casing at the top, mud or air at the bottomThe drillers decided on the mud rotary drilling method.



What else do we need to know?

HDPE Pipe Size
Grout Properties
Pipe Spacing
Pipe Depth
Inlet design temperatures to the 
Extended Range Water Source HPs



Surface Water (Pond) Loops

Presenter
Presentation Notes
Discuss ASHRAE Research Project, “RP-1385 Development of Design Tools for Surface Water Heat Pump Systems “





HDPE Coils or…



a Closed- Loop 
Plate Heat 

Exchanger?



Horizontal Loop Types

2 ft (.7 m)

2 
ft 2 
ft

Back-Hoe Loops

Two-Pipe Four-Pipe Six-Pipe

2 ft (.7 m)

Two-Pipe Four-Pipe Extended Slinky

2 ft (.7 m) 2 ft (.7 m)

1 ft (.3 m)

Presenter
Presentation Notes
These are trenched loops.



Slinky Loop 



Horizontal or Directional Drilling



Horizontal Drilling - continued



Seasonal Energy Usage

Seasonally Stored 
Energy for Cooling

Seasonally Stored 
Energy for Heating



Hybrid GHP Systems

Presenter
Presentation Notes
Enables other heating and cooling technologies AND is a natural partner for solar thermal and solar PV installations as is shown in this example of a domestic hot water system served primarily by solar panels and include GHPs as the back-up heat source.



Presenter
Presentation Notes
Ground loop designed to cover the heating load and a cooling tower added to address the imbalance with the cooling load.



Life Cycle Cost and Equipment 
Lifetime

Presenter
Presentation Notes
This is a copy from the ASHRAE 2011 HVAC Applications Handbook.  Note the median service life for commercial Water-source Heat Pumps (>24 yrs).  Note the median service life for Chillers (>25 years).  And although there is not a line item here for the ground heat exchanger, depending upon the style, the lifetime may be up to 50 years.  So, now let’s look at the date of each column.  Look at all the N/A – this is the challenge we before us within the industry and specific to our technical committee within ASHRAE focused on this technology.  We (really Steve) has been trying for over 10 years to get a research project to obtain funding for this type of data and data relative to installed costs and operating costs which are required to prepare a reasonable Life Cycle Cost Analysis.  So, this challenge now also becomes California’s challenge.  Fortunately, Steve went to TVA, Southern Company and EPRI and they have funded a project which has recently been summarized in a series of articles



Presenter
Presentation Notes
This is the first page of the final article which was published last month.  
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